MP analyses were performed using PAUP Ã (version 4.0d65; Swofford, 1998) . For the NJ, FM and ML methods, multiple hits were accounted for using the general time-reversible (GTR) model (Lanave et al., 1984) with between-site rate heterogeneity accounted for by incorporating a proportion of invariant sites (I) and gamma-distributed rates (G) into the model (Gu, Fu & Li, 1995) . The rate matrix, base frequencies, proportion of invariant sites (pinvar) and shape parameter (a) of the gamma distribution (based on 16 rate categories) were estimated using likelihood by iteration from an initial neighbourjoining tree. For FM, ML and MP methods, tree searching used a heuristic procedure with tree-bisection-reconnection branch swapping. Bootstrap resampling (Felsenstein, 1985) (NJ only with 1,000 bootstrap replicates) was employed to assign support to particular branches within the tree. BI analysis was performed using the MrBayes (version 3.1.2) package (Ronquist & Huelsenbeck, 2003) . A GTRþG model was used and the tree space was explored using four chains of a Markov Chain Monte Carlo algorithm for 5 million generations, sampling every 100 generations. In order to ensure adequate chain swapping, the heating parameter was set to 0.05. A consensus tree was built using the last 1,000 trees (burnin ¼ 49,001 samples). Alternative phylogenetic hypotheses were evaluated by likelihood using a Kishino-Hasegawa RELL test (Kishino, Miyata & Hasegawa, 1990) as implemented in PAUP Ã . A maximum-likelihood tree showing the evolutionary relationships among the Helicoidea is presented in Figure 1 . The phylogeny is based on the analysis of 915 unambiguously aligned nucleotide sites, of which 221 were variable and 152 were parsimony informative. The tree is rooted on the branch to Haplotrema and Euglandina, shown to fall as sister taxa to the Helicoidea in the Wade et al. (2001 Wade et al. ( , 2006 analyses of stylommatophoran rDNA data. All methods of tree construction employed (ML, BI, NJ, FM and MP) produced trees that were generally consistent, though there were some rearrangements in the relative placement of the basal lineages in the helicoid tree with different methods.
The Helicoidea are consistently resolved as a distinct clade with all tree methods and are supported in 89% of NJ bootstraps (P ¼ 1, BI) (Fig. 1) . Within the Helicoidea, the molecular phylogenies confirm the monophyly of the Helicidae (currently represented by 12 taxa from nine genera; 82%, NJ bootstraps; P ¼ 1, BI), a group well supported in all molecular studies of the Stylommatophora/Helicoidea to date (Wade et al., 2001; Steinke, Albrecht & Pfenninger, 2004; Koene & Schulenburg, 2005; Manganelli, Salomone & Giusti, 2005; Wade et al., 2006) . The Hygromiidae, represented by five taxa from four genera (52%, NJ bootstraps; P ¼ 0.8, BI), are also monophyletic in our trees, a finding again consistent with other molecular studies (Wade et al., 2001; Steinke et al., 2004; Koene & Schulenburg, 2005; Manganelli et al., 2005; Wade et al., 2006) , though 2079, 2004) . The Polygyroidea, represented by three genera, are also clearly monophyletic (100%, NJ bootstraps; P ¼ 1, BI) within the molecular trees. The helminthoglyptids sensu Zilch (1959-60) , represented in our trees by the genera Cepolis and Monadenia, are clearly not monophyletic. However, both taxa were excluded by Roth (1996) from his restricted Helminthoglyptidae and allocated to a Bradybaenidae/Xanthonychidae clade. Clearly a wider taxonomic coverage is required in order to resolve this.
The Camaenidae are of particular interest, with the molecular tree providing strong support for the division of the Camaenidae into three groups (Fig. 1) . The first includes the American taxa Polydontes and Zachrysia (and also Sagda from the family Sagdidae) and is supported in 100% of NJ bootstraps (P ¼ 1, BI) and with all methods of tree construction. The second includes the American taxa Pleurodonte and Theliodomus and is again resolved with all tree methods and supported in 100% of NJ bootstraps (P ¼ 1, BI). The remaining Asian and Australasian camaenid taxa appear to form a complex with the Bradybaenidae, with camaenid and bradybaenid taxa interspersed in the molecular tree. The phylogenetic placement of the Polygyridae in relation to the bradybaenids and Asian/Australasian camaenids remains unclear.
In order to elucidate more clearly the evolutionary relationships among the Asian/Australasian camaenids and the bradybaenids, supplementary phylogenetic analyses were undertaken in which the outgroups and the divergent (longbranch) helicoid taxa, Zachrysia, Sagda, Polydontes and Cepolis, were excluded. This permitted an additional 97 sites to be recruited into the phylogenetic analyses thereby providing greater resolution within the helicoid tree (Fig. 2) . In these analyses the Bradybaenidae and the Asian/Australasian Camaenidae consistently cluster together with all methods of phylogeny reconstruction, to form a complex which is supported in 65% of NJ bootstraps (P ¼ 1, BI).
The division of the Camaenidae into American and Asian/ Australasian groups is in agreement with Scott's (1996) argument that the American and Asian/Australasian camaenids are not sister groups and is consistent with our earlier molecular analyses of the Stylommatophora (Wade et al., 2001 (Wade et al., , 2006 . The molecular Figure 1 . Maximum-likelihood phylogenetic tree showing the evolutionary relationships among the Helicoidea. The phylogeny is based on 915 unambiguously aligned nucleotide sites and the tree is rooted on Euglandina and Haplotrema, which have previously been shown to form the sister clade to the Helicoidea (Wade et al., 2001 (Wade et al., , 2006 . Correction for multiple hits was employed using a GTR þ IþG model (proportion of invariant sites, pinvar ¼ 0.335, and gamma distribution, a ¼ 0.304). The scale bar corresponds to 1 substitutional change per 100 nucleotide positions. Bootstrap values (1,000 NJ bootstraps expressed as a percentage) and Bayesian posterior probabilities indicating support for individual branches are shown on the tree (NJ bootstraps/BI posterior probabilities). Individual taxa marked with a w have love darts. V denotes taxa that do not have love darts but do have a dart sac. data provide conclusive evidence for the separation of the American Camaenidae from the Asian/Australasian Camaenidae, with the monophyly of the Camaenidae strongly refuted in 4124.60869 (best tree shown in Fig. 1 ) versus 2ln L 4221.26103 (Camaenidae monophyletic), P , 0.01]. Our results strongly contradict those of Cuezzo (2003) , who concluded from a morphological analysis that the camaenids are monophyletic. Moreover, the Asian/Australasian camaenids are interspersed with the Bradybaenidae in our molecular tree, providing additional support for Scott's (1996) suggestions that the Asian/Australasian Camaenidae and the Bradybaenidae are confamilial. In Kishino-Hasegawa tests, the best tree is one that indicates that the Asian/Australasian camaenids are interspersed with the bradybaenids [2ln L 4124.60869 (Fig. 1) ], but this is not significantly better than any tree that assumes that the Asian/Australasian camaenids are monophyletic [2ln L 4145.20601, P ¼ 0.075]. The separation of the American camaenids into two groups (with Polydontes and Zachrysia falling in one group, and Pleurodonte and Theliodomus in the other) is a novel finding that is of considerable interest. A broader survey of the American camaenids is now required to determine the full picture of diversity within the group. Interestingly, the enigmatic taxon Sagda falls with the American camaenids Polydontes and Zachrysia. Within the Bradybaenidae, Chloroea and Helicostyla cluster strongly (100%, NJ bootstraps; P ¼ 1, BI), consistent with their classification within the subfamily Helicostylinae.
The absence of a comprehensive and consistent set of taxa across all molecular studies of the Helicoidea (Steinke et al., 2004; Koene & Schulenburg, 2005; Manganelli et al., 2005) makes it very difficult to make direct comparisons between our molecular phylogeny and those of other groups. However, our phylogeny appears to disagree with that of Steinke et al. (2004) , where the helicids and hygromids appeared as sister taxa, with Bradybaena falling basal to this clade.
While it was not possible to include helicoid sequences from other molecular studies in our main phylogenetic analyses [due either to the sequencing of nonhomologous gene regions (Steinke et al., 2004; Manganelli et al., 2005) or the sequencing of a substantially shorter fragment of the rRNA gene (Koene & Schulenburg, 2005) ], we undertook a supplementary analysis of the Helicoidea in which we incorporated the homologous but substantially shorter rRNA sequences of novel genera sequenced by Koene & Schulenburg (2005) . This analysis (based on only 712 sites) permitted the inclusion of two new helicid genera (Chilostoma and Eobania ), nine new hygromiid genera (Pseudotrichia, Leptaxis, Xerotrichia, Helicella, Xeromunda, Xerosecta, Perforatella, Monachoides and Hygromia ), one new bradybaenid (Fruticola ) and four new helminthoglyptid genera (Helminthoglypta, Humboldtiana, Xerarionta and Polymita ). Resolution and support for clades were considerably reduced in this supplementary analysis (data not shown). However, despite the inclusion of new genera, the Helicoidea, Hygromiidae and Polygyridae remained resolved as monophyletic units. Interestingly, the helminthoglyptid genus Polymita clustered with Cepolis in this analysis, with the other helminthoglyptids falling with Monadenia.
Elsewhere, although the molecular phylogeny provides little resolution of the relationships within the Helicidae, one issue of contention is resolved. The brown garden snail Helix aspersa clusters with Cantareus apertus in the molecular tree (94%/89%, NJ bootstraps; P ¼ 1/P ¼ 1, BI, Figs. 1 and 2) and not with representatives of the genus Helix. This supports the study of Giusti, Manganelli & Schembri (1995) in which Helix aspersa was placed in the genus Cantareus.
Love darts are present in all taxonomic groups in the tree except for the Camaenidae and Polygyridae ( Fig. 1 ; Tompa, 1980; Baur, 1998; Roth, 1996; Davison et al., 2005) . Indeed, the Camaenidae are at least in part defined by the absence of a dart-sac and other secondary sexual characters (Pilsbry, 1939) . In the Hygromiidae, Cernuella possess love darts, Trochulus [¼Trichia ] forms only unconsolidated granules in the dart sacs and lacks darts; both Monacha and Cochlicella lack darts but have a dart sac. The absence of love darts in both the Polygyridae and the polyphyletic Camaenidae (which are scattered across the helicoid tree) provides strong evidence that darts have been lost multiple times in helicoid evolution. KishinoHasegawa tests demonstrate that phylogenies in which groups with darts or with darts/dart sacs are constrained to be monophyletic are significantly inferior to the best tree shown in Figure 1 [2ln L 4124.60869 (best tree) versus 2ln L 4257.97267 (darts monophyletic), P , 0.01, or 2ln L 4221.41890 (darts/dart sacs monophyletic), P , 0.01]. Darts are also absent from the spiraxid and haplotrematid outgroups, the best candidates for sister taxa of the Helicoidea sensu lato (Wade et al., 2001 (Wade et al., , 2006 .
One issue of concern relates to the relatively long branches of the deeper lineages within the Helicoidea. Long-branch attraction is a well-known problem in phylogeny reconstruction (Philippe & Laurent, 1998) and the occurrence of relatively long branches at the base of the helicoid tree could be due to errors in the process of phylogeny construction. Notably, the removal of these sequences (with concomitant increase in sequence length) led to an improvement of bootstrap support values elsewhere in the tree. There is an immediate need to obtain data for new genes (as well as more sequence data for the rRNA) to clarify relationships within the helicoid tree. Nevertheless, the molecular data are beginning to illuminate the evolutionary relationships within the helicoid group. We are extremely grateful to all the collectors, listed in Table 1 , who have provided specimens. Thanks to Owen McMillan for providing space and financial support to AD in Puerto Rico. We would also like to thank Julia Bartley for her help with the sequencing. This research was supported by the Leverhulme Trust (F/696/L and F/00114U), the University of Nottingham, the Natural History Museum (London), the University of Puerto Rico and the Japanese Society for the Promotion of Science.
